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$<x^{2}> \infty\oint^{I},$ $D\propto t^{a-1}$ , (0$<$a$<$ l)
[11,
$WT$%
1847 2013 116-128 116
6$0$
$u$
$mu^{1}n1\ddagger 11r$$\#In\mu|w\alpha m_{T1tIr\}}$ $\mathscr{X}$
2.1 [ 1 ( )]
Brown
2.2. [ 2 ( )]
3.
[3,4].








$t$ flt) $n$ Cauchy
$I^{n}f(t) \equiv\int_{0^{\ }} \sim\iota\int^{n-1}du_{m2}\cdots\int_{0^{f(u_{0}}}\mu_{0}=\frac{1}{(n-1\gamma}\int_{0}u=\frac{1}{\Gamma(n)}\int_{0}(t-u)^{n-1}f(u\mu$ (3.1)
$\Gamma(-)$ $n$ $a$






$\equiv\frac{1d^{n}}{\Gamma(n-a)_{dt^{n}}}\int_{0}(t-u)^{n-a-1}f(u\psi, (n-1\leq\alpha<n, n\in N_{+})$
(2) Caputo
Caputo Riemann-Liouville
$c_{D^{a},f(t\cong_{0}D_{t}^{()}\frac{d^{n}}{dt^{n}}f(t)\equiv\frac{1}{\Gamma(n-a)}\int_{0}(t-u\rangle^{n-\alpha-1}\frac{d^{n}}{du^{n}}f(\mu}0a-nu,$ $(n-1\leq a<n, n\in N_{+})$ (3.4)
Caputo Riemann-Liouville









4. 1 (Brown )





















$\frac{\partial}{\partial t^{*}}W_{a}(t_{X})=\frac{\partial^{a}}{\tau^{1-a}(\partial 1)^{a}}W_{a}(t,x)$ (4.3)
Caputo
$\frac{\partial^{a}}{(\partial t)^{a}}W_{a}(t,x)=D_{a}\frac{\partial^{2}}{a^{2}}W_{a}(t,x),$
$(0<\alpha<1, D_{a}\equiv D_{1}\tau^{1-\alpha)}$ (4.4)
$a=1$ (Brown )
(2)
(4.4) Laplace $( L, s)$ ,
Fourier $( F, k)$ Caputo $a$
Wa Laplaoe
$L[ \frac{d^{a}}{(dt)^{a}}W_{a}(t,x)]=s^{a}W_{a}(s,x)-s^{a-1}W_{a}(0,x)_{J}$ $(0<\alpha<1)$ (4.5)







$\langle x^{2}\rangle=r_{-\infty}^{2}t,X=L^{-1}[-\frac{\partial^{2}}{\partial k^{2}}W_{a}(s,kt_{k\triangleleft}-]=L^{-1}[\frac{2D_{a}}{s^{a+1}}] =\frac{2D_{a}}{\Gamma(1+\alpha)}t^{a}$ (4.8)
$D$







$D=\Phi_{a}t^{a-1},$ $(0<\alpha<1, D_{\alpha}\equiv D_{1}\tau^{1-a})$ (4.10)






















– $E$ . 1 $-t=0.5—-\cdot$ $-1.0$ $-t=0.1\ldots\ldots\ldots$ $t=0.5$ —Fl.0 $-\ulcorner-0.1$ $t=0.5—-\cdot t=1.0$
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$x$
(a) (Gaussian) (b) (c)





( ) $a=1$ Gaussian $a$
$\alpha$ Gaussian
$-a=1.0-$cn.$S$ – 0.6 $arrow\alpha\ovalbox{\tt\small REJECT}.4$ $-\alpha=1.0$ $-\alpha\triangleleft-.8-a\triangleleft-.6-\alpha\triangleleft-.4$
(a) (b)




$t$ $x(t)$ , $v(t)$
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$t_{1}$)$\kappa t_{2})>=2\eta k_{B}T\delta(t_{1}- t2)$ $k_{B}$ $T$
$\{\begin{array}{l}m\frac{d}{dt}v(t)=-\eta v(t)+f(t), \langle f(t)\rangle=0, \langle f(t)f(0)\rangle=2\eta k_{B}T\delta(t)\frac{d}{dt}x(t)=v(t)\end{array}$ (5.1)
Brown Langevin [9].





$F_{v}=- \eta\int_{0}\frac{1}{(t-t_{1})^{\gamma}}v(t_{1}\lambda it_{1}, (0<\nu<1)$ (5.3)
$F$(t) $<F(t)>=0$
$\langle F(t_{i})F(t_{2})\rangle=\eta k_{B}T\cdot|t_{1}-t_{2}|^{-\nu},$ $(0<\nu<1)$ (5.4)
$\{\begin{array}{l}m\frac{d}{dt}v(t)=-\eta\int_{0}\frac{1}{(t-t_{1})^{\nu}}v(t_{1})dt_{1}+F(t)_{\langle F(t)\rangle=0}, \langle F(t)F(0)\rangle=\eta k_{B}T\cdot t^{-\nu}, (0<\nu<1)\frac{d}{dt}x(t)=v(t)\end{array}$ (5.5)
Langevin
Laplace (5.3) Laplace
$L[- \eta\int_{0}^{t}\frac{1}{(t-t_{1})^{V}}v(t_{1}\lambda it_{1}]=-\eta\cdot L[\frac{1}{t^{\nu}}]\cdot L[v(t)]=-\eta\cdot\frac{\Gamma(1-\nu)}{s^{1-\nu}}v(s)$ $(0<\nu<1)$ (5.6)
123
(5.5) Laplace
$\{$ $\hat{x}(S)=\frac{\nu_{S^{-\nu}}v(0)+}{s^{2-\nu}+\lambda}\frac{+\lambda_{\nu}1s^{-V}\hat{F}(s)}{m_{s^{2-\nu}+\lambda_{v}}}\hat{F}(s)\hat{v}(s)=\frac{s^{1-\nu}}{\frac{1}{s}x(0)+s^{2-\nu}+\lambda}\frac{1s^{1-\nu}}{m_{s^{2-\nu}},\nu v(0)+}$ $\lambda\equiv\frac{\eta}{m},$ $\lambda_{\nu}\equiv\lambda\cdot\Gamma(1-\nu)$ (5.7)






$L^{-1}[ \frac{s^{a-b}}{s^{a}\mp A}]=t^{b-1}E_{ap}bAr^{a}]$ (5.9)
(5.7)
$X(t)=$ $)+v(0) \cdot tE_{2-\nu,2}\}\lambda_{v}t^{2-\nu}]+\frac{1}{m}\int_{0}(t-t_{1})E_{2-\nu,2}\}\lambda_{\nu}(t-t_{1})^{2-\nu}\theta(t_{1}\mathfrak{p}_{t}1$ (5.10)
$\langle(x(t)-x(0))^{2}\rangle=\frac{k_{B}T}{m}tE_{2-\nu,2}\}\lambda_{\nu}t^{2-\nu}\beta+\frac{2\lambda_{\psi}k_{B}T}{m}\int_{0}t_{1^{\succ\nu}}E_{2-\nu,2}f\lambda_{\nu}t_{1^{2-\nu}}b_{2-\nu k\nu}\}\lambda_{\nu}t_{1^{2-\nu}}bt_{1}$
(5.11)











$\{\begin{array}{ll}\frac{d^{a}}{(dt)^{a}}v(t)=-\lambda^{a}v(t)+\lambda^{(a-1)}\frac{f(t)}{m} (\lambda\equiv\eta/m, 0<\alpha,\beta<1) (5.13)\frac{d^{\beta}}{(dt)^{\beta}}x(t)=\lambda^{(\beta-1)}v(t) \end{array}$
Langevin




Caputo Laplace $( L, s)$





$X(t)=X(0)+v(0) \frac{1}{\lambda}(\lambda t)^{\beta_{E_{\alpha,(\beta+1)}}}\}(\lambda t)^{a}]+\frac{1}{m\lambda}\int_{0}^{t}\{\lambda(t-t_{1})\}^{(a+\beta-1)_{E_{\alpha,(a+\beta)}}\}-}\{\lambda(t-t_{1})\}^{a}]f(t_{1})dt_{1}$ (5.16)
$\langle(x(t)-x(0))^{2}\rangle=\frac{k_{B}T}{m\lambda^{2}}((\lambda t)^{\beta_{E_{\alpha,(\beta+1)}}}\}(\lambda t)^{\alpha}\beta+\frac{2k_{B}T}{m\lambda}\int_{0}k\lambda t_{1})^{(\alpha+\beta-1)_{E_{a,(a+\beta)}}\}(\lambda t_{1})^{a}\#^{2_{dt_{1}}}}$ (5.17)




















1.0 0.8 0.05 $a=r-1$
$BM$ (Brown ) $a=\beta<1$
(5.20)
[5].
$-BM—\iota\Leftarrow 0.9--\tau\Leftarrow 0.s-\cdot\tau 0.7-\cdot)^{14.6}$
$0 2 4 6 s 10$
$t$ $u$
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